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HSC

D = 8.2 m 
FOV = 1.5 deg (dia.) 
FWHMinst ~ 0’’.35 
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Comparison

Suprime-Cam HSC
Field of View 0.5 deg 1.5 deg
No. of CCDs 10 116
Inst. Img Qlty 0’’.33 0’’.35
First Light 1999 2012
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Comparison

HSC Pan-STARRS DES LSST
Aperture [m] 8.2 1.8 4.0 6.5(eq)
Survey Speed 91 13.4 37 329
Inst. Img Qlty 0’’.35 ~ 0’’.6 ~ 0’’.6 ?
First Light 2012 2009 2012 (2019)
Lead Country JP US US US
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116 Mosaic CCD



NAOJ/HSC

• 2k4k 15µm 

• Fully depleted CCD 

• High resistivity Si 

• > 10 kΩ (n type) 

• 200 µm thick 

• (can be ~ 300 µm)

6

CCD
Collaboration with Hamamatsu since 1994
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HPK Fully Depleted CCD

Copyright © Hamamatsu Photonics K.K.   All Rights Reserved.
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15umx2kx4k 4-side Buttable Thick BICCD

SpecificationParameter

200umSi Thickness

40% at 400nm
90% at 650nm
40% at 1000nm

Quantum efficiency

<5e- at 130kHzReadout noise

5uV/e-CCE

<5e-/pixel/hour at -100 CDark

>150ke-Full well capacity

>0.999995CTE

Aluminum Nitride Package

One stage MOSFET SF 4ch. Output

2phases or 4phasesHorizontal clock phase

3phasesVertical clock phase

2048(H)x4096(V) or 2048(V)Number of active pixels

15um squarePixel size

FFT or FT(necessary to put a 
light shield externally)

CCD Structure
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?+@E"A+@E"A,=8>A,++,B CCD Structure Full Frame Transfer
Si Thickness 200 µm (Can be 100 ∼ 300 µm)
Vertical clock phase 3 phases
Horizontal clock phase 2 phases or 4 phases
Output Amprilfiers 4 one stage MOSFET on chip

and one J-FET on the package

Package Material Aluminum Nitride

Table 1: HPK CCD configulation
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Package
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Package
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CCD chip
Low viscosity epoxy

CCD base
Printed epoxy 
resin adhesive 

Pin base



NAOJ/HSC

• AlN with Ti alignment pins

10

Pin Base

Fit tolerance ~ 40 µm
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Package Structure

10um 
flatness 
achieved

Pixel <-> Pin alignment ~ 60 µm
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Mounting CCDs
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Mounting CCDs
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Mounting CCDs
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Flatness of the Focal Plane

Red contour: Delivered PSF under 0.4 arcsec seeing

0.49

0.45
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Mounting CCDs
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CCD Checker

Final Check: Amplifier, SG
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Backside … 
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Electronics Connection
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Electronics Arrays
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Electronics Cooling 
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Official Drawing …



NAOJ/HSC23

CCD Clocking

6.2. FRONT-END ELECTRONICS (FEE) AND BACK-END ELECTRONICS (BEE) 165

Figure 6.27: Clock Driver Circuit

Figure 6.28: Bias Current Flow

ADG333AD5361
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CCD Read Out

CCD ADC

AD7686
OPA 627

AC-couple

Single Non-
inverting Amp

Integration Type 
CDS

~ 150 kpix/sec = 
15 sec readout
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FEE: Clock driver/Preamp/

Al core



NAOJ/HSC

• There are 2 types of CCD rows 

• 8 CCDs 

• 6 CCDs or less 

• Frontend for a Half of HSC 

• Science CCD 
• 4CCD FE board x9 

• 6CCD FE board x3 

• 4CCD FE board x1  
(Used only 2CCD) 

• Guide CCD 
• 4CCD FE board x1  

 (Used only 2CCD) 
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FEE arrangement in Dewar
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NAOJ/HSC

• There are 2 types of CCD rows 

• 8 CCDs 

• 6 CCDs or less 

• Frontend for a Half of HSC 

• Science CCD 
• 4CCD FE board x9 

• 6CCD FE board x3 

• 4CCD FE board x1  
(Used only 2CCD) 

• Guide CCD 
• 4CCD FE board x1  

 (Used only 2CCD) 
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Backend Electronics (BEE)

Linux WS

BEE

s

Convenient to use TCP/IP for DAQ 
　GBit speed in literally 

Clock Jitter minimum  ~1e-5

Readout time: 
CCD Clocking ~ 15 sec 
+ transfer/save to RAID 13 sec

X 2

Gigabit Ethernet SiTCP CMC board for Astronomy
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HSC BEE

2012/11/6
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HSC�CCD䜶䝺䜻䛾ᵓᡂ

Analog Frontend
for 64 CCDs

Backend Electronics
for 64 CCDs

Observation Room

Backend Electronics
for 64 CCDs

Analog Frontend
for 64 CCDs

Camera Dewar

Backend Electronics
for Guide CCDs

Analog Frontend
for Guide CCDs

LVDS

1Gbps Optical Ethernet

At room temperature

Prime Focus

䕿3ศᵓᡂ
䝃䜲䜶䞁䝇CCD 2䝉䝑䝖
䠄䜽䝻䝑䜽䛿ྠᮇฟຊ䠅

䜺䜲䝗CCD 1䝉䝑䝖
ྜィ3䝨䜰䛾ග䝣䜯䜲䝞䞊

䕿ᖖ ┿✵䝣䝻䞁䝖䜶䞁䝗䜶䝺䜻
ᖖ ┿✵㒊䛻㓄⨨

䕿ᑠᆺ䝞䝑䜽䜶䞁䝗䜶䝺䜻
䝕䝳䝽䞊ഐ䛻㓄⨨

BEE:�䝞䝑䜽䜶䞁䝗䜶䝺䜽䝖䝻䝙䜽䝇
3U䝴䞊䝻ᇶᯈ7ᯛ䛷CCD64ಶ䜢10⛊䛷ㄞ䜏ฟ䛧

䕿GESiCA CMC䝃䜲䝈䚸1Gbps䝕䞊䝍㌿㏦䚸䝣䝺䞊
䝮䝯䝰䝸䚸䜽䝻䝑䜽䝅䞊䜿䞁䝃䞊

FPGA䛻䜘䜛TCP/IP䝥䝻䝉䝑䝃䞊 (SiTCP )
(KEK�ෆ⏣䛥䜣)
2GB��DDR2䝯䝰䝸䛾䝣䝺䞊䝮䝯䝰䝸
(ᮾᐑṊ䛥䜣)
10nsศゎ⬟䛾䜽䝻䝑䜽䝅䞊䜿䞁䝃䞊
(ᮾᓟᑿ䛥䜣)

䕿BGI GESiCAᦚ㍕䚸BEE㟁※⟶⌮
1ᯛ

䕿BPW FEE㟁※⟶⌮
2ᯛ

䕿BCT FEE䜲䞁䝍䞊䝣䜵䞊䝇䠄䜽䝻䝑䜽ฟຊ䠅
2ᯛ

䕿BDA FEE䜲䞁䝍䞊䝣䜵䞊䝇䠄䝕䞊䝍ධຊ䠅
2ᯛ
(ᮾ⸨᳃䛥䜣)

KEK 
NAOJ 
UT-Phys



NAOJ/HSC29

Linearity

0 50000 100000 150000

–2

0

2

Mfront2/FDCCD NonlinearityError [%]

Count [e]

BI2–03–1K–2
Sv 4.6uV/e

PRE x4.19
CH 2

MF2

MF2+CC D

CF 2.4e/AD U

Proto-type  
Electronics

Lab. measurement



NAOJ/HSC30

Linearity

HSC Electronics

Lab. measurement
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Linearity Measurement on Telescope

somehow harsh results … 
but P-V <~ 0.5 %

From flat images with different exposure T

[ADU]

~70 % FW
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Brighter Fatter Effect

Pierre’s slide (2013)

HPK



HSC Project Miyazaki

PSF Evaluation
HSC-i 200 sec 

0.40

0.47

Very Sharp Image Realized as designed
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PSF Evaluation

Observation



HSC Project Miyazaki

PSF Evaluation

Calculation

Observation
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PSF Evaluation

Calculation

Observation

PFU Tilt: 30''



HSC Project Miyazaki

PSF Evaluation

HSCforNAOJReview.tex 2

The Performance

(a)

(b)

Figure 3: Image size (FWHM in arc-
sec) of stellar objects (a) and the
ellipticities (b) as a function of the
field angle. Cyan points are taken
from an actual HSC-i band 200 sec
exposure data. Blue points are the
size and the ellipticities of the calcu-
lated PSF as 0”.375 Gaussian input.

Optics collimation of the de-center component with re-
spect to the primary mirror is realized through the tele-
scope mirror analysis using the on-board SH sensor.
The tilt component generates the astigmatism which
was estimated from the stellar ellipticity map over the
entire field of view. After the adjustment, we routinely
obtain the image size smaller than 0.5 arcsec (FWHM)
when the natural seeing is superb. In order to verify the
optics performance we compared in Figure (a) the ob-
served stellar size (cyan) with the optical calculations
(blue) as a function of the field position. Both matches
nicely which suggests that the expected image perfor-
mance is realized. Note that the distortion enlarges
the apparent image size by 7 % at the field edge. This
is not corrected in the figure and therefore the image
degradation toward the edge is not entirely due to the
optics aberration. Figure (b) shows the comparison of
ellipticities which agrees as well.

The throughput of the camera was measured in
HSC-g,r,i,z,y band using spectophotometric stars. The
observed values are consistent with what were expected
within 5% in all bands. The minimum interval between
the exposures is 40 (need to double-check) sec that in-
clude setting up/read out CCDs, transferring/saving
the data to the hard drives and the guide star acquisition. Filter exchange takes 30 min cur-
rently where nearly half of the time is spent to close/open the primary mirror cover during
the exchange for safety reasons.

The Data Reduction Pipeline

Basic image analysis pipeline is developed through a collaboration of multiple institutes
including Princeton University, Kavli IPMU and NAOJ. This is based on a customized version
of“ LSST-stack”, a software suite originally developed for LSST project. Object detection
is made on each CCD image. PSF on a CCD is modeled as a function of the CCD pixel
coordinate. This is used in the following flux measurements and morphological classification
process which tags the star/galaxy flags as well as cosmic rays flag. The star catalog on each
CCD is correlated with an external photometric and astrometric reference catalog (currently,
SDSS-DR8 is employed) to determine magnitude zeropoint and astrometric solution with the
aid of astrometry.net. When we combine the multiple exposures each CCD image is warped
on to a fiducial coordinate (that has a simple relation with the sky coordinate). This was
not so simple because we have significant non-axisymmetric distortion pattern caused by the
larger index mismatch of the glass used for the atmospheric dispersion corrector. The warp
mapping is therefore modeled as a general 2D polynomials. We use moderately bright control
stars on the images and minimize the displacement of the stars on each image to obtain the
solution of the coefficients which is then encoded as the SIP convention (TAN-SIP) of World
Coordinate System. The measured internal astrometric error is usually a level of 6 to 8
mili-arcsec which is sufficiently small for the mosaic-stacking process.

Science Operation

We started the scientific observing in January 2014 and keep the steady operation both
for the general observers and the Subaru Strategic Program (SSP; a legacy survey). The
image data are transferred to the base facility right after the exposure and a cluster of
computers examine the data to verify the stellar size/shape, transmission of the sky and so on.

Observation

Calculation
PFU Tilt: 30''

Ellipticity



NAOJ HSC

The survey began last February.
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Survey Mode Observation

Step and Point multiple exposures

Example to cover ~ 20 deg^2



NAOJ HSC

GAMA Field
2014/3/27  2:20 - 5:20 am

0''.45 - 0''.55 over ~ 20 deg^2



NAOJ HSC

The Highest Peak on GAMA



NAOJ HSC

Conclusion

• HSC up and running 

• Steady Operation since Feb 2014 

• Natural seeing limited imaging  mostly 

• 30 sec dead time (inc. readout/save to disk/
pointing change/guide star acquisition) 

• Sufficient for most of observers 

• But, need more understandings of our 
instruments to realize high precision 
measurements


